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1. INTRODUCTION

Much time and effort have been expended in attempting to approximate the Fourier transform of
functions. The Fourier transform, h, of a function g is given by

p2wift

h(f)=f g(t)e dt,p=%1, (1)

In addition, for reasonable functions, the inverse to this transform is given by

+oo .
0] f h(ne P2, @

For this report, let g be real and continuous and vanish outside the interval [0,T] . In this case, h(f) is
continuous, and g is the inverse transform of h, The definition of the Fourier transform may easily be ex-
tended to distributions of which the Dirac § function 1s an example,

This report discusses four different transforms that under certain conditions may be considered ap-
proximations to the Fourier transform, The Discrete Fourier Transform (DFT) and the Fast Fourier
Transform (FFT) are well known and represent the transform of impulses; the other two are the transforis
of piece-wise linear functions and are implemented by the subprograms FLAT and NUFT.

The DFT replaces the original function, g, with N impulses (point masses at N equispaced points in
[0, T] weighted by the value of g at these points), The Fourier transform of the sum of these impulses is
then computed. Thus, the DFT has a value at each frequency point. The FFT produces a sampling of the
DFT at N squispaced frequency points. The FFT makes use of the Cooley-Tukey algorithm to calculate
these values rapidly and efficiently.

Subroutine NUFT is an algorithm that calculates the Fourier transform of virtually any piece-wise
linear function. If the endpoints of these lincar segments are equispaced, N (the number of points) is a
power of 2, and the function vanishes outside the interval, subroutine FLAT may be used to sample NUFT
at N equispaced {requency points. Subroutine FLAT makes usc of the Cooley-Tukey algorithm to produce
these results in about the same computer time as an FFT,

Since cach of these transforms is the Fourier transtorm of an approximation to the original function,
the degree to which cach agrees with the Fourier transform is largely determined by the goodness of fit to
the original functions.

Since it is of great intercst to apply these transforms to the analysis of rapidly varying transient
signals, this report discusses also the routines used to process these signals at the Harry Diamond Labora-
tories (MIDL). Also discussed is Mimipulse- -a function used to simulate the response of systems to electro-
magnetic pulse (EMP)-—as well as the calculation of its teansform, Mimipulse was often employed as 2 means
of tosting the validity of the various proceases,

The programs are listed {n appendix A.

Preceding page blank
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2. THE DISCRETE FOURIER TRANSFORM

Let At > 0 and N be a positive integrs; then the DFT of g of order N and increment At is given by

N-1 -
h(f) - 2‘0 g(jAt)eh}.mfAt’ p= + (3)
J:

This transform is of interest because it and its inverse are relativety easy to compute.
Insight into the DFT may be gained by observing that if we define

N-1
g(h= 2 gia08(t-jar, @)
N-1
wherz & = Dirac delts function. That is, g; is a sum of impulses at the points jAc} =0° and the DFT of g
is identical to the Fourier transform of g;. Also, the DFT defines a mapping from functions defined on a

discrete set,
N-1
faf
j=0

to functions defined for all f, -« < <, for it two furctions agree on this discrete set, their DFT's agree
everywhere,

3. THE FAST FOURIER TRANSFORM

The FFT for certain N isan extremely fast method of sampling the DET. The heart of the FFT is the
Cooley-Tukey algorithm, which is a very efticient means of summing the serios

N-1 .

2. u-cpzmjklN. petl (5)
JIIO )

for integer k, when N is a composite number, The Cooley-Tukey algorithm has highest ¢Hiciency when

N = 2" In that case, the ratio of computer time spent summing by use of this algorithm, as opposed to

more cotventional means, is approximately m/M. The Cooloy-Tukey algorithm is applied to the DET by the

observation that equation (3) reduces to

N ‘p?.ﬂl)k/N

(.1
h(kat) = /i) glatr (6)
]Pl

it 1is replaced by KAL, where Al = L)(NAt) .

s
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The output from the FFT is an ordered array of N complex numbers. The first (N/2 + 1) numbers of
the array represent the values at frequencies in [0, (N/2)Af] inclusive while the rest of the array represents
the values at frequencies in [(—N/2 + 1)Af, —Af] inclusive. Thus, in thisarray, the negative frequency values
follow the positive ones, and the highest frequency represented is (N/2)Af, For d real function g, the value
at a negative frequency is the complex conjugate of the value at the corresponding positive frequency.

L

3.1  Aliasing—Theorem 1 (Cooley)

The key to understanding aliasing is a remarkable theorem of (.‘oolcy’s.l Let Af = 1/(NAt) =
1/T, F = NAT. Define

o0

B)= 2. e+ N0 <T, 7)

- ' - =

ho(n = 2. h(f+mF) - L, <ISFH2. (8)
m=

- -

3 C Theorem 1 (Cooley).—1f It is the Fourier transform of g, then hP is the FFT of 8, {where the
appropriate sampling is made).

Definition,-Aliasing is that error introduced into the FET by the contribution of frequencies
higher than those considered. Observe that

a. Wg)=0tort= Tand t <0, then g (1) = g(1). T, the FET o g agrees with by sampled
an
8 j, N2
M Nz

; ' In this case, the FET evaluated at mdl duffers lrem the Fourier transtorm, h, evaluated at mal by

7 hiendt + ).
4

N4

, b, WD =0 Tory F/2, then h‘l(k.m arees with h(kaf) tor N2+ 1 sk sINI2 n
3 ) this vase, the inverse FET sampled at mat, O s mes N difters Trom gmdi by

A' 7. ware ).
\‘gn W )

ll. W, Cooley, PA W, Lewis, and I ). Welch, The Finite Fourier Trensform, IEEE Trng, Audio Klectewaous.,, 17
(June 1909), 7785,
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¢.  If both the conditions for “a” and “b" are met, then the FFT agrees with the Fourier
transform at the specified points. Unfortunately, the only allowable function satisfying these criteria is
g & 0 (since a nonzero continuous function cannot be both band limited and time limited).

3.2 Applications of Theorem 1

321 Choice of N and At for Reasonable Approximations

Given g, choose S large enough so that g(t) is negligible for t > 8, and choose N large
enough so that h(f) is negligible for |fl > F/2 where F = N/S. Then let At = §/(N — 1) . [n this case, the
FFT is a reasonable approximation to the Fourier transform sampled at these points. ’

322 Inverse Transforms

If one is given equispaced samples of the Fourier transform and wishes to use the FFT to
evaluate the time-domain function, one should try to duplicate hp as closely as possible by single or double
aliasing.

Single Aliasing.—If equispaced samples are available merely in the range [0, F/2], construct
an equispaced array whose second half is the conjugate of the reflection about F/2,

In FORTRAN notation, single aliasing is performed by

N1 = N/2+]
N2 =N1-2
F(NI) = 2*REAL(F(N1))
DO 1=1,N2
{1 F(N1+1)= CONJG(F(N1-T)) .

Double Aliasing.—If equispaced samples are available in the frequency range [0, F], replace
the second half of the array with the sum of the original value and the conjugate of the reflection about
F/2. The first half of the array is then replaced by the reflection of the new second half, Double aliasing
may be achieved in FORTRAN by '

DO2 1=1,N2
F(N1 + 1) = F(N1 + 1) + CONJG(F(N1-1))
2 F(N1-I) = CONIG(F(N1 + 1)) .

For both single and double aliasing, sufficient information is often not available to com-
pletely determine the best O-frequency value to use. In the inverse transform, this can lead to either drift of
the time-domain function or errors for small values of t. Thus, often the analyst anchors the transform by
subtracting from the points of the time array the value at O time. Doing so, however, may introduce a
relative displacement of the resulting time function, often noticeable at late times.

4.  SUBROUTINL FLAT

fn light of the inherent deficiencies of the FFT pointed out by theorem 1 and the nature of the digiti-
zation process employed by HDL, an alternate fast approximation to the Fourier transform was desired.




This transform was named “FLAT". It approximates the given function, g, by a piece-wise linear function,
82 and then uses the Cooley-Tukey algorithm to obtain a sampling of the Fourier transform of By at the
same frequency points as does the FFT.* Approximation of continuous functions by line segments is in-
herently better for integration than approximation by impulses as employed by the FFT. Computer running

times for FLAT are within 25 percent of those for the FFT (approx 200 ms for a 2048-point complex
array on a Control Data Corporation (CDC) 6600 computer).

4.1  Derivation of FLAT

Consider a function g(t) defined on the interval [0, (N ~ 1)At] with g(0) = 0; extend g to the
point (NAt, 0) linearly. Let 85(t) be the piece-wise linear function joining ( jat, g(jAt)) to ((j + 1)At,
glG+1)at]) ,j=0,N - 1:

N-1

g,(t) = U Szj(t),

where
gzj(t) =g+ dj ,
tefjAt, G + 1)At].

,' c.=80* 1)t~ gGat)
) At '

Then the Fourier transform, G,,of g, is giver. (for f # 0) by

NAt-

- 2mift 27if
Gz(f) =[~ gz(t)e(p mift) dt = fo 2(‘) (p2mi t)

N-1 . G+D)At

2mif
) j=zo / jat 50T d

Nzl (p2mifG~1)At ifj
.5 —cj[e p2mif(i~1)At) __e(pmeJAt?]
j=0

(21rif)2
N .
- S S.e(pmeAt)‘
@nin? =0 J

*The Cooley-Tukey algorithm used is another one of thebrilliant creations of W.T. Wyatt of HDL, written in COM-
PASS.
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§) This transform was named “FLAT”. It approximates the given function, g, by a piece-wise linear function,
g 8, and then uses the Cooley-Tukey algorithm to obtain a sampling of the Fourier transform of g, at the .

same frequency points as does the FFT.* Approximation of continuous functions by line segments is in- 3

&
¥ herently better for integration than approximation by impulses as employed by the FFT. Computer running
2 times for FLAT are within 25 percent of those for the FFT (apr ox 200 ms for a 2048-point complex
z‘i array on a Con‘rol Data Corporation (CDC) 6600 computer).
e 3
4.1  Derivation of FLAT 4
Consider a function g(t) defined on the interval [0, (N — 1)At] with g(0) = 0; extend g to the 3
point (NAt, 0) linearly. Let 8,(t) be the piece-wise linear function joining ( jae, (]At)) to ((] + 1AL, T
glG+1At]) ,j=0,N - 1:
N-1 3
o = U g0, ‘ -
where »
gzj(t\ clw d ,
refiAL, G + DAL, S
. = 80+ DA gGat) | [
i At ) 5
Then the Fourier transform, G,, of g, is given (for { # 0) by
(p2rife) RA oty :
p2mift pimi :
G,(f) f gy(t)e fo g, (t)e dt :
G+ DAt ' ,
- z f gj(t)‘i"(pzmﬂ) dt :; 4
j=0 7 jae :
§
N1 (p2mif(- 1At mitjA : i
.y _Cj[ep ifG-HAY _ (p2nifj ti] | ‘ §
& ! N ¥
=0 (2mif)? o £
1 X 2mitAt : é
= 2 z sje(p m ) * J‘
(2nif)* =0 ;
*The Cooley-Tukey algorithm used s another oneaf thebrilllant creations of W.T, Wyatt of HDL, written in COM- B
PASS. ) b
1 :

i
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1 :
" . = ;
:L‘ S %o i
8 1
; SN T ONay e :
£ =c—c j<N-
L 5§76 CJ_1,0<j<N 1

A\l

Now let Af = 1/(NAt):

e

o N pzmjk)
= 1 =
5 G,(kAf) = —— 2. s.e( N

@mikaf)* j=0 : fi

el o kidi e

® Nz (p 21Tijk) :
(2mkAf)2 =0 ’ i
o 3
P where ‘_ :
s 1o =% 7 oN-1? ’
;
r ;
47 :
i 1
B forj> 0. 5
; Next, obseive that N-1 ([.)212‘1]1()

§ %Y

B

- may be evaluated by use of the Colley-Tukey algorithm,

; It is of interest to observe that if g (t) — g, (1) | <€, 0< t <T, then 3

T T T
j g(t)elP2mft) g _j g, (e (P37 gy <S lg(t) — g (t) | dt <eT
(o] Q

o]

independent of f. This implies that, if g(t) is continuous and vanishes for t > T, the Fourier transform of g,
converges uniformly to the Fourier transform of g as At 0. Hence, the values of FLAT converge to the

P e R B R

1{ values of the Four.er transfurm at the sampled points.
An inverse to FLAT, called “FLIT,” also uses the Cooley-Tukey algorithm, Subroutine FLIT produces
an equispaced time array, :
X
: {glkAt} lr:‘=0l i
& with g(0) = 0, such that FLAT of the (linearly interpolated) array is the given equispaced frequency array. ig
|
; 12 J
] ;
! :
|
{ ;
!
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Indeterminacy of the O-frequency value may result in a tilt of the time-domain curve or oscillations
for large values of t.

SARRY

Kol

: Subroutines FLAT and FLIT are resident in the user library ANAPAC on the CDC 6600 computer at
£ Fort Belvoir, VA.

2 The calling sequence for FLAT is:

Call FLAT (ARRAY, N, DT, I),

T e

- mv«r

SR

where
3

N
gt
l

ARRAY name of complex array containing data,

N number of points in array (N must be a power of 2),

DT = At,

I = value of p desired in transform. /

The calling sequence for FLIT is

Call FLIT(ARRAY, N, DF, I), /
where {

ARRAY

PRI GRRE s e NS B A LG A

name of complex array coutaining data (only the ?rst N/2 + 1 points
need be specified); the desired output is the regl part of ARRAY,
N = number of points in array (N must be a power of 2){3
DF = Af,

I = value of p desired in inverse transform.

,
T

T

o~ ——
——

.
T AT TN G TR

The desired output is the real part of ARRAY. /

w

SUBROUTINES NUFT AND INUFT /
f

Subroutines NUFT and INUFT are used to compute direct and inverse Foun;l'cr transforms.

sty

£

o
RN Ty ey

The arguments in the CALL NUFT card are /

L4

s

R i S e

;' 3 § (1) Real array: independent input variable (time)
L : (2) Real array: dependent input variable (amplitude)

(3) Integer: number of points in input arrays

(4) Integer: number of points in output arrays

(5) Real array: independent output variable (frequency)

(6) Integer: indication of whether the array in No. S is given as frequency or circular fre-
quency and whether it remains that way or changes (see comments for IOM

(7) Complex array: dependent output variable (Fourier trangform)

(8) Real array: storage for intermediate results to save cognputation time, dimensioned as
the input arrays

(9) Integer: sign of the exponential (+1 or -1},

D LR I T e W O T N e S S oW g,
T TR N T T R, T e T,

13
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Terms with small absolute value in the exponential are computed by use of a power series expansion,
to avoid loss of accuracy due to subtraction of almost equal numbers.

The Fourier transform is computed assuming that the time-amplitude trace is formed of straight line
segments.

1t is possible to use NUFT to perform an inverse Fourier transform by applying it separately to the
real and imaginary parts of the given transform, This operation takes approximately twice as long as the di-
rect Fourier transform. In iNUFT, those operations are performed only once, just as in NUFT. The call is
quite similar to that of NUFT, but arrays No. 1 and 2 are for the output, arrays No. 5 and 7 are for the in-
put, and the scratch array No. 8 has to be complex and of dimension given by the integer in argument
No. 4. The values of the Fourier transform are given only for nonnegative frequencies, and the output func-
tion is assumed to be real.

These transforms have to be used when it is not convenient to have equispaced input and output
points in equal numbers, usually a power of 2. It is often important to use frequency points with intervals
that increase with increasing frequency, to sample closely the low-frequency values, and to go to very high
frequencies at least with a few points, The results of inverse Fourier transforms are improved by this
procedure,

6.  SUBROUTINES LINT AND CLINT

Subroutines LINT and CLINT are used to interpolate linearly between points in a given array. The
arguments in LINT are

(1) Real array: independent input variable

(2) Real array: dependent input variable

(3) Integer: number of points in input arrays

(4) Integer: number of points in output array

(5) Real: increment for independent output variable
(6) Real array: dependent output variable.

The independent output variable starts with the first value of the input array. If any poinis fail out-
side the range of the input variable, a value of 0 is given to the output,

Subroutine CLINT differs from LINT oaly in the sixth argument, which is a complex array,
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7. MIMIPULSE*

A model that has been used to represent analytically the response to an electromagnetic pulse is a 4
function that vanishes for t <0 and is defined by 4
AYT, 0<t<T,
Aexp[-£,(t—T,)] me-T) T, <t<T
exp|-£,(t = T,)] cos|——=1 , | SEST, ;
' 2Ty =Ty
at B+ttt T,<t<T,
aexp[—£,(t — T3)] cos [, (t—T)] ;
+ (aézlwz) exp [—£5(t — T,)] sin [w,(t - T3)» T, <t<Tg 1
o, t>Tp ?
The values of A, Tl, T,, T3, and a are given. In addition, a time, Ty, is given to define the end of
the “recorded” part of the pulse, The values of £, %, and 4 are given through constants 5, S,, and S3by
; b
1 i
: , ~ ‘-
2 8y(Tg-T 3) p
: £, = 1 , i
; P 83(Tg - Ty) 3
1 and the circular frequencies are given by
i W, = ——,
t B RS
£
G _ 1TS4 )
@27 T -T,
Finally, a, 8, 8, and -y are determined by matching the values and the derivatives of the function at the ends
3 of the interval,
X
i
l *4 concept originally developed by Carl Konschnik formerly of HDL.
% 15
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The Fourier transform of this function is the sum of the Fourier transforms of the components in the
different intervals:

_ Alexp(-iaT,)(iwT; +1) - 1]

1 w

lez ’

' F,(w)=Aexp(—iwT,) {(§ +iw)2+ r?
2\W)= kS| 1 —

4(T2—T1)

-1

X { exp[~(¢, +iw)(Ty = Ty)] 2—(T2—’iﬂ) +(g tiw))

26+ 69T, O 28 + 69T, 6
Fy(w) = exp(-iwl;) [—a— $— ——} - exp(—inz) [—\1 2,

—iw iw3 Wt w2 iw3 w?

52+iw

2

F4(w) =3 exp(—in3) m
* 2 1

&) o XP [, + iw)(Ty, ~ Ty)]?

+ ~ TN
(k5 +iw) + W) (£ +iw)* +

X [—(Ez +iw) cos wy (T ~ T3) + w, sinw(Ty; — T3)]

2 ‘5_2_ exp ['(53 +iw)(Ty - Ta)]

Wy ($3 + ic..:)2 + w%

X [~($3 +iw) sin w,(Ty; ~ T3) — w, cos Wy (T - T3)] ,

where
y=— 2a + Y
2 x 73
(Ty - Ty)" (T3 =7y)
A . .
Y7o erh
5= .__.‘..._.2 - (T, +2T5),

<T3 - T!)

and 1 is 1 or 0, depending on whether one assumes that the trace vanishes after 7' or is given by the ex-
pression in the last interval,
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Functions F| and F; have to be computed separately for w = 0. They become

AT, ;
FO=5"

g3 -13) (13-13) afri-1)

F3(O)=a(T3 “T2)+ 2 3 4 ’

PRV SO i R

where
a=~T,0— T3 ~ T3y, i
= 2
= —2T38 - 3T37.

Three characteristics of the function follow: (1) It is contitiuous at the extremes of the intervals, but - .
it does not necessarily vanish at Ty,. (2) The derivative is discontinuous at T, but continues at T,, where .
the function vanishes, and at Ty, where the function reaches a minimum given by a. (3) At T, the first
term in the corresponding expression for f(t) vanishes.

Subroutines ANMI and ANTRA compute the values of f(t) and its Fourier transform. Two real arrays

are passed to ANMI, one for the input (times) and one for the output (amplitudes), plus an integer that _ ‘
gives the number of points. Also, the subroutine reads a NAMELIST card PULSE that contains the values !
A, AA, T1, T2, T3, T4, TE, Si, 82, 83, and S4; the meanings are obvious, with the possible exception of ,
AA = a. A real array for the input (circular frequencies) and a complex array tor the output (values of the
Fourier transform) are passed to ANTRA, with an integer for the number of points. This subroutine also ‘
reads a NAMELIST card with the name PULSE. It contains the same information as that for ANMI, plus a .
real variable FINIT that takes the value 0. for an infinite trace and 1. for a finite one.

8. SMOOTHING

The power spectrum obtained from a digitized time-amplitude trace shows a strong oscillating noise
component, especially on a logarithmic scale. Subreutine SMUZ can be used to present the output in a
more intelligible form. The input is an array of a function given at consta ! intervals, When two maxima or
two minima occur closer than a prescribed number of points, the function in between is replaced by an
average value between the straight lines joining the maxima and those jolning the minima, with a tapered
beginning and end. The process is repeated until there are no changes in o complete pass. Two different
thresholds can be prescribed for two sectors of the function, The nunther of passes through the procedure Is
printed in the output; a number of four to six passes is usual, The computation of the average ordinate is
performed by the subroutine AVRG called by SMUZ. The parameters in CALL SMUZ are: {

S onew A

(1Y Real array: ordinates of the function being smoothed 1
(2) Integer: number of points in the array

(3)  Integer: threshold number of powits for the first part vf the curve

(4) Integer: threshold nymber ot points fur the second part of the curve :
(§) Real: fraction of points in the first part of the curve, :

The thresholds have to be chosen so that the unwanted noise is eliminated while the significant
extrema remain; a number to start with might be 1/100 of the total number of points.
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It has been found that the use of this subroutine on the real and imaginary parts of the Fourier trans-
form that subsequently has to be inverted tends to introduce spurious oscillations for late times.

9.  DIGITIZATION AND TRANSFORM ERRORS

Digitization is routinely performed at HDL, with a Science Accessories Corp. (GP2 digitizer, which
allows for rear enlarged projection of oscillograms. The tablet is 20 by 20 in. and has a.definition of
0.01 in. The output of this machine is cards punched on an 026 keypunch. Normally, recordings of a par-
ticular event consist of four or more traces at differing sweep speeds. Further processing of the data (e.g.,
time tying, sequence checking) is performed on a CDC 6600 computer with a complete and innovative
software package developed by T.V. Noon of HDL (unpublished),

To evaluate the effects caused by the digitization and transform process, numerous experiments were
performed using Mimipulse (sect. 7). Plots of Mimipulse were constructed by the same instructions to the
operator as would be used for oscillograms processing (e.g., marking just the endpoints of apparent straight
lines).

Several different results are presented (all compared to the analytic transform of Mimipulse):
a. Transforms of equispaced Mimipulse—to assess transform errors (fig. 1-8).

b. Transforms applied to the digitized points—to determine the combined errors due to digiti-
zation and transform (fig. 9, 10).

c¢. Transforms applied to the array whose values are the actual values of Mimipulse at the
digitized time peints—to simulate sampling errors (fig. 11).

d. Transforms applied to the array whose values arc the truncation of the analytic values at
the digitized time points—to simulate quantification erros (fig. 12).

¢. Transforms applied to the array whose values are the truncation of the analytic values plus
a random nwnber (botween -10 and 10} of points on the digitization tablet—to simulate the effects of
the digitization-transform process (fig. 13, 14).

One major conclusion that can be drawn from this set of experiments: At least for oscillograms of
traces similar to Mimipulse, errors introduced by the digitizationtransformation process are minor in the
frequency range of interest (up - 1000 Mi2) compared to the inherent errors of the typical dats-taking
apparatus (where 5 percent errors ure considered reusonable),

Also plots are Includ® © where inverse tiansforms applied to the (analytic) frequency spectra of given
functions, two functions are compared to the original functions used:

a. Mimipulse (fig, 15-20)
b. Double exponential, i.., €8 8 (fig. 21-23) .

One might conclude from these tasults that FLIT performs quite credibly, Howevur, the whole area
of inverse Fouricr transforms is fraught with danger. in the event that the time frequency intewval or both
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do not cover the (significant) domain of the function, results from (1) the FFT, (2) the FFT with the value
at 0 subtracted, or (3) FLIT can be unreliable, Cases can easily be constructed by truncating the time or fre-
quency range of an analytic function—where either (1), (2), or (3) will give the best results. Since all three ’
converge (poiniwise) to the correct value as the frequency range and N go to infinity, one may increase the
number of points in the array, provided the data and computation facilities support this increase. Lack of
convergence is often indicated by failure of FLIT to return to 0 or of the FFT beginning significantly far
from 0. Convergence is often indicated when the FFT and FLIT agree. When the data support it, INUFT,
with its ability to accept nonequispaced frequency records, may be the transform chosen.
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10. SUBROUTINES RDTAPE AND CSTOUT

Subroutines RDTAPE and CSTOUT were written by T.V. Noon of HDL, and they are used to read
the digitized data for storage and prepare them for input for further analysis, Subroutine RDTAPE reads
(possibly) multiple data sets consisting of binary information, fills up the appropriate arrays, and checks
for the end of the collection of data and for irregularities in the data format,

Subroutine RDTAPE may be used in two modes, only one of which is of interest here, It is called
by

Call RDTAPE(NT, X,Y,N,LABEL)

i

number of file containing data (integer)

X name of array to receive independent variable,

Y name of array to receive dependent variable,

N = name of (integer) variable to receive number of points,
LABEL name of array to receive label (cight words),

NT

i]

Subroutine CSTOUT checks the output of RDTAPE for monotonicity. If

XA+ 1)=XA+2)=...=X({ +),

then
X(1+2),..., X(I+n), Y(1+2),..., Y(I1+n)

are removed from the respective arrays, the arrays are reordered, and Y(1 + 1) is replaced by

[1]

PZ’ Y(1+i)n.
If
XA+2)<X(+1),

then
X(1+2),Y(1+2)

are removed from the respective arrays, and the arrays are reordered. The routine is called by

Call CSTOUT(X,Y,N)
where
X = name of independent array,
Y = name of dependent array,
N = aumber of polnts--possibly a new value will be retumed,

31

AR

gL

e 4

I el W et

TN

rx

PRI

. S

I TR




artn T T S T NI T S S

TR S L AT

i L

ey,

o

RPN e X

i Diitang e

ol
ABEL Y

K ol

e
T R e

Tam

5
L

g
PR

i

e v

AFPPENDIX A.-LISTINGS OF PROGRAMS USED IN NUMERICAL FOURIER TRANSFORMS

SUBROUTINE FLAT{YNYQA,NSTAR,DT JFLAG)
COHPLEX XpYNYQA(NSTAR) gYV1,4¥YV2:XM,TCIHA
€ FLAT CALCULATES THE TRANSFORM TO FREQUENCY SPACE OF THE COMPLEX ARRAY
C GIVEN IN YNYQA. NSTAR IS THE NUMBER OF POINTS IN VTHE ARRAY., DT 1S
C DELTA TIME FOR THE ARRAY. JFLAG SHOULD BE SET TO -1 1IF THE TRANSFORM
C IS TO BE EXPRESSED IN TERMS OF EXP{-29P1#F),+] OTHERWISE., THE VRANSFORM
C IS DONE IN PLACE.
YV1=0.0 ¢ NPT=NSTAR-1 $ SNYQ=0
TPI=8.%ATAN(1.) $ TPl21= (*1./(TPI‘TPI))
THAX=NPT2DT
N1=NSTAR/2+1 & N2=N1-2
DF=1./{NSTAR®DT}
TCI=JFLAGODFOCHPLX(O.,TPI)
T=DTeNPT -
A=YNYQA(NSTAR)
DO 10 I=2,4NPT
SNYQ=SNYQ+REAL(YNYQALL})
10 CONTINUE
SNYQ=SNYQ+.50REALUYNYQA(NSTAR))
600 00 110 I=l NPT
YV1I=YNYQA(])
Yv2aYKRYQA(1+])
110 YNYQ/ 1)=Yv2-vV¥l
YNYQA(NSTAR ==YV
Yva=0.
500 00 115 I=1,NSTAR
YV1=¥YNYQA(I)
YNVOALT }=tYv2=-YV1) /0T
115 Yv2=yvl
YNYQACL)=YNYQA(L)eVV1/DT
CALL FFTIDC(YNYQA,NSTARGJFLAG)
YNYOALL)=SNYQeDY
DO 175 1=2,N1
Xe(TCla(l-1) )oe2 >
175 YNYQA(1)=-¥YNYQALL) /X
00 176 Le=1,N2
176  YNYOA(NLe[)eCONJIGIYNYQA(NL~ ll)
RETURN
ERD

SUBROUTINE FLIT (VNYQANSTAR,OF,JFLAG)
CORPLEX YNYQAU(NSTAR) M5
C FLIY CALCULATE THE TRANSFORN TO TEME SPACE OF THE CONPLER ARRAY GIVEN
C IN YNYQA. NSTAR |5 THE NUNBER OF PDINYS. OF IS THE FREQUENCY INCREMENT
C JELAG SHOULD BE SET TO ¢l IF THE FREQUENCY ARRAY [S EXPRESSED IN TERNS
C OF EXP(-29P1®F),, ~1 OTNERWISE, DUTPUT !5 A CONPLEK -ARRAY- YNYGA
.C WHOSE REAL PART IS THE DESIRED YRANSFORM.
AnREALCYNYQR(L) )
OTel /(DFCHSTARD
TPI=8.SATAN(L.}
N1=NSTARZ2e)
K2eh i '
FAC=-(TPIPDF)®e2/N5TAR
00 105 I=1,N1
105 YNYQA(T )= VYNYQACT)oFACO(l~] )00
00 110 fwl,N2
YRYQA(N1+1)=CONJGEYNYQAINL-1))
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110 CONTINUE

7%

50

325

@35

CALL FFT1D(YNYQA,NSTAR,JFLAG)
XL=0.

D0 75 I=24NSTAR
XL=XL+REALLYNYQALI)) -

CONTINUE
YNYQALL)=-XL
W=0. § T=0.
5=0.

D0 50 I=1,NSTAR
$5=S+¥YNYQALI)

YNYQALT ) =N

W=N+500T7

V2=0,

T=DTo{NSTAR-1)

00 325 L1=1,NSTAR
XaX+REAL(YNVQALI))
N=NSTAR
X2={A/DT-X)22./(N®{N=-1)}}
00 635 1=1,NSTAR

YNYOQA (I )=¥YNYOQALL)e(l-1)0X2
RETURN

END
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SUBROUTINE ANMI(X,Y,N)
DINENSION X4ND},Y(N}

NAMELIST /PULSE/ AgAA,T1,T2,73,T4,TE,51,52453,54

PIx6 ,0ATANELY,)
READ PULSE
PRINT PULSE
Wl=P1/(Ta-T3)/2.
We=P!eS4/{TE~-T3)
X1=1./51/(12-T1)
X2=1./52/(TE-T3)
X3=1./53/(TE-T3)
¥Y=-PloA/2./(T2-T1)®EXP t-X1#(T2~T1))
G65-2.0AA/1T3-T2)003+YY/(T3-T2)002
Do=-AA/ (T3-T2)882=5G0(V2¢2.073)
Cl=A/T1

C21=Te2~T}

C22=PI/2./7C21

Coo=X2/W2

0O 16 I=21,N
FE(XEI).6TLTL) GO YO 17
CINTINUJE

N)=}=)

DO 18 1aN1,N

FEARCE) oGTLYR) GO YO 19
CONTY INUE

N2m} =1

00 20 IaN2,N
FREXA1) .6V .30 GO ¥O 20
CONT ENUE

LEL] Bl

D0 22 I=RI,N
TEERE1 ) JGVLVED GO YO 23
CONT INUE

LIS

60 7O 2§

Koni-L

0) 30 =1, N}

AR RN A LY
CL21~AREXPIXLOT])
Hlwile}

00 0 F=Nl N2

Tleddt)

VORI (T 2A0EAP (~X10T1 ) 0L05¢C22¢L(T1=-Y1))
R2uN2e)
8Ge(~2.2D00-3.00G?T3)eT)

AG=t -BG~L0GeGLoT2)OTR2)082 : R

00 S0 I=2N2,M3
Tiwk{it :
YUE2AGO(BGCo(DGOCGOT NOY )0t
N3eN Yo}

CCRI=ARSEXPLX2°TY)

CLabol ol

CLG  mAARLGEOEXPLXYIOTY)
CC4aBmi2oT)

00 60 T=N3,.N

TieX(l)

VU =CCOLIOoEAP (~X20T 1 ) oCOSKWIOTE~CCRGISCLNSOEAP(-XD0T )

35
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1

70

SSIN(N2oTI-CC4B)
IF(NG.EQ.N) RETURN
00 70 I=N4WN
Y{I)=0.

RETURN
END

SUBROUTINE ANTRA{OM,FY¢NPTS)

COMPLEX FTINPTS)yFTI,CWTL1,CWT3,CWT4,CM2oCMI4EVE

CONPLEX CNT,CNT2,RT1,FT2,FT3,FT4,CH]
DIMENSION COM(NPTS)

NAMELEST /PULSE/ AohAoT1oT2oT3ThoTEpS1952953¢54,FINIT

PI=6.%ATAN(]1.)
EYE=CHPLX(O.pl4)
READ PJLSE

PRINT PULSE
Wi=PI/{T4~T3})/2.
We=PJeS4/(TE~TI)
X1=21.,/517(72-T1)
X2=1,.7527{TE-T3)
X3=1./583/(TE-13)
Y==PlOoA/2./(T2-T1)eEXP (-X18(T2-T1})
CGu=-2.0AA2(T3-T2)0o03e¥/({T3-T2)00Q2
DG=-AA/(TI-T2)®82-G0e(T2¢2,.913)
dG=rt~2.006-3.9G0eTA)eT3
AG=(~BO-(DGeGGOVR)OT2)0Y2
C01=73-¥2

Cl=A/T1

C21a72-71

Cee=Plra. /(21

2322002

C24=ExXP(=-X12C21)}
CI1e2,00046.90G9T)

CI2=2.8DG 06,9062

G R LIS A

CLinTE~T]

Leld=u]ne?

CG3npna

{eu=X2/W2

CuSnCaStudelel)
ChoeSIN(MIoT4AL o)

(CRAIILI] PAIXT R

Y- AR RS PSR R AL P
CO9nENP{-N2004))
TG10=EXP(-N3e(4))0(&4

00 100 I=] NPTS

e=gN (1)

CARTRAR!

dS=dee?

W= Sl

dF =s ey

Wileuel 2]

Wi2=uey?

AL AN

fGade(6)
CoaTe(NPLK(COSHUT) o ~SENINT))
CaVi=lNPLEECOSENTY) ~SIN(NTL))
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92

94

150

CuT2aCMPLXECOSINT2),=SIN(NT2))
CHNT3=CUPLX(CDS(NTI),~SINEWTI)})
CHTo=CHPLU(COSLWTA) o =SIN(WTG))
CMI=CMPLX(X1,M}
CH2=CMPLX(X24W)
CM3=CHPLXIXI 4N}

‘IF (N NEL.O.0) GO TO 92

FT1 = ,50A°T1}
FTIsFTIe(AGeBGO(TIeT2) @, 5+4DG0(T30022730T20T2002)/3.¢6G0
1 (T30034T30020T724730T2002+72003)0,25)e(0])
6O T2 J6

ETI=CHY oCMPLX{1l,,uT)~-1

Frl sC1eFTI/NS
FT1zAACEYE/N-EVECC31/W0-CII/NF
FT12=¥/WS~EYEC(32/WA-C33/WF
FYIsFTI+CHTICFTI-CMT20FT2
FT1={N1o{N1e(23

FT2=C260CNT] oC22e(N]
FT1=As(NT /FT1

FTI=FTI+FV1eFT2

EV1sAAS(CNT]

E¥a==(N22(45+(ab
FT2=CGFeCNTGOET2oF IN] To N2
FT3a~(N3e(&?-(Ch8
EY3=CA100CHTOOFTYISFIN] To(4boM2
Flau(N2eCN20(42

FY2aFT2/FVa

FTae(NISCRIN (NI

FYI=FT3/FT4
EYCIInFTYiorTO(RT2+FV))

RETYRYN

eND
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APPENDIX A

SJBRIUTINE NUFTUX, Y NyHU,OM I0OM,FT DX, JFLAG)
THIS SUBROUTINE CALCULATES THE FOURIER TRANSFORM OF THE
FUNCTION GIVEN BY STRAIGHT LINES JOINING THE POINTS GIVEN BY THE
ARRAYS X,Y. THE NUMBER DF INPUT PDINTS IS N, THE FREGUENCY ARRAY OM IS
PROVIDED AND HAS OIMENSION NU. DX IS A REAL ARRAY OF DIMENSION N
THAT 1S USED FOR SCRATCH. YHE FOURIER TRANSFOR IS GIVEN IN THE
COMPLEX ARRAY FT,
IF 10M=%, INPUT AND OUTPUT OM ARE CIRCULAR FREQUENCIES
IF 104=2, INPUT ARRAY [S CIRCULAR FREQUENCY, QUTPUT [5 FREQUENCY
IF P0M=3, INPUT ARRAY IS FREQUENCY, GUTPUT [S CIRCULAR FREQUENCY
IF tOM=4, INPLT ANOC QUTPUT OM ARE FREQUENCIES
JELAG=+) IF THE FOURTER TRANSFUORE HAS & FACY(OR EXP{elInT)
JFLAG=-]1 IF"THE FOURIER TRANSFORM HAS A FACTOR EX?2(—1MT)
DIMENSION XUNY Y{N),OX(N),ON{NU)
COMPLEX EYE,EXY EX2s51452,FT(NU)
TIPI=8.9ATANC(1.)}
TPINz1L/ZT0P]
S=0.
EYE={D.,l.)
IFCIOM.LEL2) GO YD 2%
21 20 l=1,NJ
20 (CESRENLISELA SIS
25 NP aN-1
DY 30 F=2),Kk0
k] IK(L Y 2x(Roll-x(1)
Nyaj
- TFAORLE)RELOV) GO YD &2
3 ¢ )=
3 S 33 4d lzl.NP
x & SxSe(Vvileldevii)Ionxk(}])
. FET (L2 INPLKL522,0.0)
&2 D2 &5 L=} NP
65 Xl dntvitol)-veEdDZONEE)
. DY 70 =N JNU
) walivtl)
) BS5eud
wu i Sud
. dF =d{®d
LB ; $2=83.9,0.0}
: fFLAG=D
wledvit})
BN nCNPLEECIuT) oSIRinT))
SI=Y{)dsp it
D3 50 Je2,.M
18 1IFLAG.EQ.Y) 6D TO &7
i2=i{})
2 : Xj=iiJ-1}
K. ’ IFEuE2) 07,.5%,08=20 65 YO &b
i EPeX)ex?
KQekPoX o 2ee?
NR2Y L ®K)uY 200}
O¥eY{Jdl-Yig-1)
ERE{-D.SeuseiPeuFesn /26, )oDY
EiHe (W -3(Pa0/6.000Y
3 S2x 20 INPLKINRE XTIN)
3 60 T3 S0
N b ERJ=INPLECCISCuox]), 5 Nwex]))

I Y R Y SN 2 ks

-

kg VA

o
X7

Ligh &

[aEaNalaNaEaNaNaNaNaNal el
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APPENDIX A

IFLAG=
NT=NeX (J)
EX2=CNPLX(CISINT) ,SININT))
52=52+ (EX2-EX1) 00X (J=1)
EX1=EX2 :
CINT INJE 4
IF (IFLAG.EQ.1) GO TO 48 !
EX1=CHPLX(CIS(NT) ,SININT)}
S1=51=Y (N)9EX]
FTUE)=(EVE®SI+S2/N)/W

k. IF(IJ4.EQ.1.JR.I0N.EQ.3) GO YO 85 !
g 00 80 I=1,NU 4
E 80 J4(I)e34{1)OTPIN

; 85 IF(JFLAG.EQ.1) RETURN
S DI 33 I51,NJ

X 90  FTCI)=CONJGLFTELID)

& RETJRN

4 END

3

i SUBROUTINE INUFT (XY NoNU,04, 104,77, CSCRyJFLAG)

& C VHIS SUBROUTINE CALCULATES THE INVERSE FOURIER TRANSFOIRM OF THE FUNCT(ON
ﬁ C GIVEN BY STRAIGHT LINES JOINING THE POINTS GIVEN BY THE COMPLEX ARRAY FY
i € AS & FUNCTION OF THE REAL ARRAY OM. THE NUNBER OF INPUT POINTS IS NU.
% C THE INVERSE F.¥. 1S ASSUMED YO BE A REAL FUNCVION AND GOES IN TNE

G C ARRAY ¥, AND THE REtAL ARRAY X [5 GIVEYM AND HAS DIMENSION N.

1 CSCR 1S A COMPLEX ARRAY OF DINENSION NU AND 1S USED FOR SCRATCN

3 € IF [0A=1, ENPUT AND JQUTPUY ON ARE CIRCULAR FREQUENCIES

C IF 10M=2,INPUT ARRAY IS CIRCULAR FREQUENCY, (UTPUT IS EREQUENCY

; € IE 10M=3, INPUT ARRAY IS FREQUENCY. QUTPUT 5 CIRCULAR FREQUENCY

| C If 10N=6, [NPUT AND QUYPUT OR ARE FREQUENCIES

¢ C JELAG*®) IF TME INVERSE FOURTER TRANSFORM MAS & FACYOR EXP{eINT)

C JELAG®~1 UF THE INVERSE FOURIER YRANSFURN HAS A FACVOR EXP(-juT)

DIMENSIUN XERDLVERDONENUD

CUNPLER EYELEXL . ENQ050 o520 FTInG b USCRACNU IS s OV o RRE yRIN »
TIPEeD.oATANEL,)

feIN=3./2T0PL

PIN=2 . #TPIN

5'0‘

EYE2INPLX{O.,1,)

¢

? IFLIFLAGGEQ.1) GO YO 1S
5 03 10 Islyhy
3 10 FTULI=CONJGERTLIND

; 15 FF(TORLLEL2Y GU T0 28
& &! 03 20 t=),My
3 29 ELARRENLISR A g ]
25 kP eNyY~]
ND =)
IFE NGV .NE.0.4 GD TO @2
N)=2
&0 SeSefFT(lad)efTCE))OON(TIol)=ONLLY)
VIli=REALLISIOYPIN .
& &2 0D 45 lel,NP
& o5 CSERCIP(RVILQL)=FTLINIZIONLL 020N ))
03 70 1+«NO,N
wedtl)
WS=ded

ZATTE

U W ke o g
o En T S

39
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WC=W 524 :
; WE=HC*¥ E
SZ'—'(0.0,0.0) :'
: : IFLAG=0 ]
: HT=W20M(1) :
i EX1=CMPLX(COS(NT) o SIN(WT) k
i S1=FT(1)%EX1 )
i DO 50 J=2,NU 3
: IF (IFLAG.EQ.1) GO .3 647 j
: X2=0M(J) - :

X1=0M(J-1]
IFCIWeX2) JGT.5,0E=-2) GO TG 46
XP=X14X2 :
XQ=XPax1+X2e%2 .
XR=XQ&X1+X 2223 %
DY=FT(JI-FT(I~1) ] : :
: XRE=!=D.SEN3eXP+WFeXR/24 , ) DY
;- ; XIM= (W-WC®XQ/64)*DYREYE
g S2=52+XRE+XIN :
i § 60 TG 50 i
- 3 , 46 EX1=CMPLX{COS(W®XE) (SIN(WEX1)) .
3 : : IFLAG=1

‘ 47 NT =@ 804 ()
- : EX2=CMPLX(COSIWT) ,SINEWT))
¥ : S2=52+(EX2-EX1)*CSCR(J-1}
- ! EX1=EX2
; 50 CINTINUE
‘ IF(IFLAG.EQ.1) GO TO 48

EXI1=CMPLXCCOSINTS SIN(KT))

48 S1=51-FT{NU)2EX1
$ ={EYE®S1+S2/W) /N
YUI) =REALUS)SPIN
70 CINTINJE

{ IF(IO0R.EQ.1.0R.I0M.EQ.3) GO TO 8%
i D] 80 I=1,NJ

VA A Gk 4G tameanaaey

85 IF(JFLAG.EQ.1)} RETURN
DO 90 I=1sNU
: . 90 FY(I)=CONJGLFY(I))
-4 RETURN
END

]
3 ; 80 OM(I)=OM(T)STRIN
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SUBRDUTINE CLINTUXF,YF,JF,NSTAR,XNYQ,YNYQ)
DIMENSION XF(J%),YF(JF)
CIMPLEX YNYQ(NSTAR)

1=1

X1=XF(1)

YNYQ(1}=YF (1)

02 29 L=2,NSTAR
X=X1+(L-1)*XNYQ
IF(X.LE.XF(I)) GO TO 20
1=1+1

IF(I.GT.JF) GO TO 30

3 DENOH=XF(I)=X<11-1]

3 Cl=(YF(I)-YF{I-1))/DENLM

4 : (2=(YF(I-1)eXF(I)=YF(I)OXF{I=i))}, JENH
gt 2 6d 10 10

E 3 20 YNYQUL)=CleX+C2

8 o 60 TO 100

N ; 30 DD 40 J=L,NSTAR

. K. o 40 YNYQUJ)=0.

- o i 100 RETURN

3 3 5 END :

. - o SUBROUY INF LINTXF,YF,JF,NSTARoXNYGQ,YNYQ}
. i DIMENSION XF(JF),YF(JF}

10

DIMENSION YNYQ(NSTAR!
I=1

X1=XF(1}

YNYQ{1)=2YF(1)

DO 20 L=2¢NSTAR
X=X1+{L-1)*XNYQ
tF(X.LE.XF{I}} GD TO 20
I=1+1

IF(1.6Y,JF} 60 7O 39
DENOM=XF{I)=-XF{I-1}

Cl=(YFi 1P -YF{I-1))/OENOM
; C2=z(YFUI-1)*#XF(1)-YF{I}oXF{1-1))/DENCH
g 0 70 10
L 20 YNYQ(L)=CleXeC2
; 60 TO 100
’ 30 D0 40 J=L,NSTAR
g 40 YNYQ(J}=0,
. 100  RETURN

END

41
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APPENDIX A

SJBRIJTINE RDTAPEINT,X,Y,NoLABEL)

DIMENSION X(1),Y{1),LABEL(S)

READ (NT){LABEL{1},41=1,8) : :

IF(EOQF{NT)}60,10 : R
10 READINTIN '
IF(EUF(NT))50,20
20 READINTH(X(I),Y(I)el=1,4N}
JAFEEGF(NT)IS0,30 i
RETJRN ’
40 PRINTY ol
41 FIRMATUS5X,*EOF ENCOJNTERED PROPERLY®)

Gl Y2 60
8 50 PRINT 51,LABEL
) S1 FORMAT(SX,*50F ENCCUNTERED EMPROPERLY DURING %¢8A410,% EXIT CALLED®

3} .
60 CALL EXIT

END

T ORI YT
w
o

SJBRIJTINE CSYOUT(XF,YF,JF}
geeceitecLeeccceccocecccceccceoccccocccceeccceLeocaeececcececccecceoccceccececcccc

C

C

¢ CAECK TIXE ORDERING OF T#E POINTS AND CAST GUT THOSE POINTS NOT IN THE
¢ PRIPER TIME uRDER

€ IT ALS] AVERAGES THOSE POINTS WHICH HAVE THE SAME X VALUES

¢
C

[a R o Na¥aNalal

ceeeeececececeecceclooecccecececoecceccccecccececceccecececcecccceccccceccececcccececccececeecc
DIMENSION XFC(JF),YF(JF])
Je AU =0
J=1
LSUM=1 !
K=2 '
XSAV=XF(1) !
YSUM=YH(]) ;
80 IF(XFtK)I-XSAV)S0,100,110
90 K=K+1 .
JBAD=J3AD + 1 i
IF{K=-JF)80,80,110
100 LSUM=LSUM+]
YSUM=Y3UM+YF(K)
K=K+l
IF(K~JF)80,80,30
110 YE(JI=VYSUN/ZLSUN
XF (J)=X>AV
IF(K-JF)120,130,30
120 XSAV=XF (K) :
YSUM=YF{K) i
LSUM=1 ?
K=K+l
JaJd+l
6l TG 80
130 J=J+l
YF(J)=YF{K]
XFE(JI=XF{K)
30 PRINT 1,JBAD,JF

P

e it AT e b

1 FIRMAT(/41Xy154» POINTS DUT OF A TOTAL OF #,IS5,
1 ¢ DID NOT SATISFY THE TIME ORDER CRITERION®)
JF=J

.
;
i
K
3
3

42
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APPENDIX A

JBAD=D

I1=1

IF(XE(11.6E.0,0} GO YO 202
I=l+1

JBAD=JBAD+1

IF{1-JF) 201,205,205
IFl] LE2.1) GO TO 206
i=1-1

JE=JF-I

DO 203 K=1,4J4F
XF(K)=XF{Kes1)
YFEK)I=YF{Kel)

I=1+1

PRINT 210,1

63 10 209

JF=1

PRINT 211

63 10 209

B
]
A
3
vE
]

e

gy

28 L b IR A

PRINT 212 i
PRINT 213,4F &
RETURN : 3
FORMAT{1Xy 120, POINYS HAD NEGATEVE TIMES®) 3

FORMAT{1Xy% ALL POINTS HAD NEGATIVE TINES#*}
FORMAT(1X,» NO POINTS HAD NTZGATIVE TIMES®)
FIRMAT(1X,I1104% POINTS WILL BE USED®)

END

2
-3
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SUBROUTINE FFT(ANPIRNSTAR,XNNYQ,ISIGN)
A = COMPLEX INPUT AND OUTPUT ARRAY.

NSTAR = NJMBER JF POINTS IN ARRAY.
XNYQ = INCREMENT IN THE INDEPENDENT VARIABLE.

aNaNaNaNalel

COMPLEX A(NSTAR)
CALL FFTID(A,NSTAR,ISIGN]
D3 10 I=1,NSTAR
ACI)=A(1)eXNYQ

10 CONTINJE
RETJRN $ END

IDENT FFT1D
ENTRY FFT1D
EXT SIN.,CO0S.
VFD 30/5HFFT10,30/3

FFT1D BSS 1
SX7 AO
SAT SAVEAQ
SA2 Al+1
SA3 Al+2
SB1 X1
582 X2
SB3 X3
SA2 B2
txz 1 +N=2 5NN
BX6 X2
SA6 N
SB6 X6
584 1
S5A3 B3
SB7 Bé
BX7 X3
SA7 ISIGN
581 B1-1

- SX6 B}

SAS
$83 37
SAC B7+B7

00s GE B3,B4,S52
SA1 Bl+B4
SA2 AL1+B7
SA3 Bl+B3
SA4 A3+B7

. BX6 X1

LX7 X2
SA6 A3
SA7 A4
BX6 X3
LX7 X4
SA6 Al
SA7 A2

LY 4 $X2 B6
AX2 1
S8e2 Xe

Ly g g ‘\):‘5’}\"\'}‘, poet Sy S

NPOW = ANYTHING. IT IS NOT USED AND IV IS KEPT TO MAKE THE CALL
COMPATIBLE WITH A PREVIOUS VERSIGN OF FFY.

Lo
et

ISIGN = SIGN IN THE EXPONENTIAL OF THE FOURIER TRANSFORM.

e e AL ST

o AL A A




)
i
3
1.
.

$3

s5
sé
009

j 0o

:

:

E

LE

S$X2
SBS
AX2
SB4
SBe

S83
sBa

5X6
SAb
sB7
SA2
586

sal
SA2
PXe
PX6
DX3
UX3
PXG
NX5
RK6
SAb
SA1
RJ

FX1
NX?
SA7
sX0
FX6
NXT
SA7
SAL
RJ

SAb
SAL
ix2
SA3
$65
Lx3
$86
s87
SAS
sb1
$h3
5B
SAD
sB2
[1})
SA3
Skt
RXS
RXS
RXO

B4,B2,55
82

AQ

1
B4-B2
X2
B2,B5953
B3+A0
B4+B2
B3,B6,005
AD
MMAX
X6

N

X2
87,86,510
TWaPI
‘ISIGN
BOyX2
BOysX6
X6eX2
X3
BO,X3
X4
X1/7X%
THETA
THETA
SIN.
X6+X6
X1
WsT
80
X0-X6
(.}
W10
THETA
COS.
WRD
ONE
X2-X2 -
MNAX
X3

1

X3

1

|

X5

N

X3

8y
81485
40
g2e83
A3eB?
X1eX3
XaoxNe
£5=-%6
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NX7 X0 .
RX5 X298X3 :
RKG X1oX4
SA3 B1+B3
; 3A6 A34B7
: RX5 X54X6
3 'NXO X5
RX5 X3-X7
NXb X5
RX5 X3+X7
SAb B2+B3
NX7 XS ,
RX5 X6=X0 :
SA7 31483 :
$B3 83+B6 :
NXE X5
RXO Xa+X0
SAG AG+RY
NX7 X0
SA7 A7+B7
LT 53,86,008
SA3 WRO
Sht WlQ
SAS WST
X6 X1
LX? X2 ,
RX2 X50X2 z
RXD X50X1
SAD AJ4bBY
SB3 ADeB?
RX3 X3-X2
NX1 X3
$47 33
SA6 A3 E
KXS XGeX0 _
NXK2 X5 ‘
SAT A4 :
LT 83,85,009
SXb b6
SAbL MHAX
E0 56
510 SA1 SAVEAD
SAD X1
€0 FFYLD
N 88% 1

W 855 1 i
}

IS e M OIS x24T

TR N T A TR

A T R

e

o T AT

b TR

ISIGN a5s 1
HYAX 855 1
THOP1 DAYA 6.,28318530717958
VAETA 855 1

\ us T 55 1
3 : wi0 BSS 1
g : RO 858 1
= 3 ONE DATA 1.0
i SAVEAD 8B5S 1
END
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SUBROUTINE SMUZ(X,N,M1,42,FRAC)
THIS SUBROUTINE AVERAGES OUT A FUNCTION BETWEEN PEAKS.
X 1S AN ARRAY OF N EQUISPACED ORDINATES.
M1 OR M2 ARE INTEGERS THAT GIVE A MAXINUM NUMBER OF POINTS
BETWEEN TWO MAXIMA OR TWO MINIMA FOR THE AVERAGING ACTION TO TAKE PLACE.
FRAC 1S THE FRACTION OF THE POINTS FOR WHICH N1 IS USED,
THE REMAINDER USES M2.
THE PROCEDURE IS REPEATED UNTIL NO CHANGES ARE INTRODUCED ANYWHERE,
THE FRINTOUT STATES THE NUMDER OF PASSES OF SHUZ THAT WERE REQUIRED.
DIMENSION X{(N)
NT=0
KFLAG=D
NT=NTs1
1FLAG=0
N1=3 $ N2aNOFRAC $  N=Nl
IF(FRAC.NE.O.) GO TD 15
N2=N $  N=N2
15  X1l=x{1)
XI=x(2)
IF(X1.GT.Xi1) GO TO 20
LX=-1
X2NAX=XT1 = . ]
K2HAK=1 :
N2HIN=~H
GJ TO 30
20 LK=1
X2HINaX 11
K2HIN=]
K2NAX=-N
30 XEA=X1
«0 DD 1000 [eN) K2
Xl=X(1)
TE(XT.GTLXIN) 6O ¥O 60
IF(LX.EQ.~1) S0 YO 900 SRR s e e
LK==1 ;
TF LI ~K2NAXLEWN) GO VO 100 Ce ;
X2NAXeX 11
s K2HAX=] -1
g GO0 Y0 990
- 60 1FLLX.EQ.1) GO YO 900 B U S t
IFLI~K24INLLE.N) GB TO 200 : : eaee . ¢
K2NIN=KTY :
K2NIRNel~1 e e e e s i
3 6C 10 990 :
3 100  KIHAN=XZNAX Chr e b it e mm—— s e ime e
‘ KINAX=X2NAX
KoMAXel ) N e e e m et e i E o oaeaa
AZHAX=K L
IF(LFLAG.EQ.1) GO YO 150 S e e S o \
b KFLAG*) . :
g i‘t&c"’ . . L e NV SR RLes B G S A LS S P A M. N W 8
: i KINIK=K2MEN-N
3 f EF (R IRINGLE LD -RININe] R et
; AINTR=X(KININD
: TFARENANLEQ.R) 6O ¥G 15O b s
cat lvaetx:nls.uxltu.xznln.lautu.x;nlu.lanlu.:znan.nlunt.:.
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1 K1MIN#]1,K1NAX}
150  CALL AVRGUXIMAX KLMAX o X2HAX K2MAX oXIMINgKIKIN X 2MIN oK 2NINyXy -
1 XIMAX®L,K241IN)
60 10 990
200  NX1MINaK2MIN
X1MIN=X2HIN
K2ZHIN=1~1
X2NIN=XI1 .
IF(IFLAG.EQ.1) GO TO 250

IFLAG=1 ,
K1MAX=K2MAX=N
IF(KINAX.LE.O) KINAX=1
XIMAX=X(K1NAX)
IF(K1MIN.EQ.1) GO TO 250 -
CALL AVRGUXIMAX yKLNAXyX2MAX o K2MAX o XIHAK oKINAX o X I INSKININ o Xy -
} KANAK+1,K1NIN)
250  CALL AVRGIXIMAX,KINAXoX2NAX K2KAK o X1MIN K ININ X2NINoK2NIN oX o
1 KININ®1,K2MAX)
. 6D TD 990
900 IFLIFLAGLEQ.0) GO YO 990
IF(LX.EQ.1) GO VO 950
IF (1 =K2NIN.LT.H) GO TD 990
CALL AVRGUXIMAXJKLIRAX yX2HAK oK 2HAK o X2NEH oK2N TN X Lok oX o
1 K2HIN®)  X20AX)
CALL AVRGEN2NIN K2NIN X100, X2HAX JK2NAKoX1 ol oX oK2NAKSY y1=1)
G2 T0 980
950  IF(1-K2MAX.LT.H)} GO TD 990 =
CALL AVRGLX2WAX K2HAX X1 1 sXINTNKLNINX2NINKZNIN o Xy
L K2RAK*L ,K2NIN]
CALL AVRG(X2KAX oKQNAX o X1 4§ oX2HIN K2HIN o X100 oX K 2N LN o 1~1)
980  IFLAGXO
990  XElexl
1000 CORYENUE
IF (N2.EQ.N) GD TO 1010
NlaN2el & N2=K $ H=N2
6O YO 40
1000 EFLIFLAG.EQ.O) 6O YU 1060
IFILX.EQ.L1) GO ¥O 1050
CALL AVRGEXAMARyKLINAK g X2HAN K ZHAK g NANTN oK AN RN o NINTNyK 2NN piky -
1 KININeR (N)
¢O 7O 1069
1050 CALL AVRGUXINAX KINAK(K2MAX oK 2NAK o XININGKINEN JX2ZHIN,K2NINGX
L KINAKe 4N}
1060 IF(KFLAG.EQ.1) GO TO 10

PRINT I, Wi HE, FRALC NT
1 FORMATLLX,y 'Mlwv, [3,~ H2e%,13," FRACu",F5.2,
1" NUMBER OF PASSES OF SHUZ I5%yid)
RETURN
END

SUBROUTEINE AVAGEX) oK R o X2 oN2oNFgUI o NG KA X o8] oKF) .
€ THIS SUBROUTINE SUBSTITUTES POINTS IN THE ARRAY X BEVMEEN Kl ‘ND lF
C BY THE AVERAGE BETWEEN THE TWD SYRALGHY LINES DEFINED BV NdeX2
C AND X3,X& AT POINTS K1, K2y K3y K& RESPECTIVELY

DINENSION K())

Ale,S/(K2=K1)

KFLAG=1 . e e

TATE

Aj
|
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A2=X20A1
Al=X10Al
Bl=.5/(Ko-K3)
B2=xX4081
8l=X3e3]
C1=A2-A1+B2-B1
(2=A13(2-A20K1+B19K4-B29K3
DO 10 J=KI,KF
X(J)=C1edeC2
CONT.INUE
RETURN

END
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